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(1)特有属丰富度及特有属比例具有很强的空间变异性, 在华中地区最高, 而靠近国界和大陆边缘的地区较低; 相
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Abstract: Endemism describes the phenomenon that the distribution of individual species/taxa is critically 
restricted to a specific region. Seed plant genera endemic to China (endemic genera) are those with their main 
geographic distribution range within the borders of China. The geographic patterns of endemic genera can 
not only guide conservation planning, but these organisms are also important biological resources. We gath-
ered data of 173 localities on environmental and spatial factors, and regional seed plant genera richness 
(GRN), endemic genera richness (EGRN) and endemic genera ratio (EGR), which was calculated by dividing 
EGRN by GRN. Multiple regression and variance partitioning were used to examine how environmental and 
spatial variables affect GRN, EGRN, and EGR. Our results showed that: (1) EGRN and EGR had stronger 
spatial variability than GRN, with highest values (richness and ratio) in central China and lower near national 
borders and continental edges. GRN exhibited an evident latitudinal gradient. (2) EGRN and EGR were 
mainly determined by habitat heterogeneity and spatial factors. Regional theoretical EGR was constrained by 
its geographical location, and was further adjusted by habitat heterogeneity (topographical complexity) and 
climatic factors. Geographical patterns of GRN, on the other hand, were mainly determined by climatic con-
ditions and habitat heterogeneity rather than spatial factors. (3) Seed plant genera endemic to China could be 
rather difficult to define, and probably reflected inadequate information on phylogenetic evolution of local 
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flora. Further studies are needed to examine the variance explained by spatial factors through a phylogenetic 
lense. Finally, flaws in the definition and classification of seed plant genera endemic to China were dis-
cussed. Theoretically, genera endemic to China should not be defined according to the political borders. But, 
in practice, nearly all the lists of seed plant genera endemic to China proposed by several authors were based 
on the relationship between the geographic distribution of specific genus and national borders. Thus, we 
recommend that, the concept of seed plant genera endemic to China should be used carefully in both theo-
retical research and biodiversity conservation practices.  






































的新疆以及东北的黑龙江和吉林最少 (吴征镒 , 














土壤因子和边缘效应等(应俊生 , 1996; 张宏达 , 




有属, 西部和西南部主要为新特有属(王荷生, 1989; 
王荷生和张镱锂, 1994a; 郝日明, 1997; 吴征镒等, 
2005)。不同地区特有属比例与温度和降水等气候参

























ness, GRN, 以下为属丰富度 )、特有属丰富度
(endemic genera richness, EGRN)和特有属比例
(endemic genera ratio, EGR)。其中特有属比例是某
一区域特有属丰富度与属丰富度的比值(%)。 
气候数据来自WorldClim数据库 (http://www. 
worldclim.org/), 主要包括潜在蒸散(potential evap- 
ortranspiration, PET)、实际蒸散(actual evaportran-
spiration, AET)、最冷月均温(mean temperature of the 
coldest month, TCM)、年均温(mean annual tempera-
ture, TEM)、最干月降雨量(precipitation of the driest 
month, PDM)和年降雨量(annual precipitation, PRE)。 
生境异质性变量包括各个区域的面积(AREA)
和海拔幅度(range in elevation, REL) (Chen et al., 


































再者 , 采用方差分解 (variation partitioning, 




要性(Mac Nally, 2000)。 
由于地理分布数据一般都存在空间自相关, 这
可能会增大统计分析过程中 I型错误的可能性
(Diniz-Filho et al., 2003) 。 因 此 , 我 们 采 用
Dutilleul(1993)提出的方法, 重新估计自由度和显





(GRN, 以下为属丰富度)最高为1,202属 , 最低为
130属, 平均为553属。热带和亚热带地区属丰富度
较高 , 一般在500属以上 (图1a)。特有属丰富度



















加(图2a, c, e)。就它们与纬度的关系来看, 属丰富度
随纬度升高基本呈单调下降趋势(图2b), 而特有属
丰富度和特有属比例则与纬度呈单峰型关系, 峰值




距离的增加, Moran’s I逐渐降低, 从特有属比例、特
有属丰富度到属丰富度, 降低的速率逐渐减小。在
700–1,500 km之间, Moran’s I测度的主要是华中地
区与其他地区的3个因变量的相似性, 多为负值, 
以属丰富度最高, 特有属丰富度次之, 特有属比例
最低。当距离大于1,500 km时, Moran’s I仍均为负






Table 1  Correlation between genera richness (GRN), endemic 
genera richness (EGRN), and endemic genera ratio (EGR) of 





特有属丰富度 EGRN 0.703*  
特有属比例 EGR 0.311* 0.852* 





Fig. 1  Geographic patterns of genera richness (GRN), en-
demic genera richness (EGRN) and endemic genera ratio 





负相关; 对属丰富度而言, 此时的Moran’s I最低,  
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图2  种子植物属丰富度(GRN) (a, b)、特有属丰富度(EGRN) (c, d)和特有属比例(EGR) (e, f)与经纬度的关系, 丰富度数据均
经过自然对数转换。 
Fig. 2  Changes of genera richness (GRN) (a, b), endemic genera richness (EGRN) (c, d), and endemic genera ratio (EGR) (e, f) of 






















Fig. 3  Moran’s I of genera richness (GRN), endemic genera 
richness (EGRN), and endemic genera ratio (EGR) of seed 




模型包括PRE, PRE2, PDM, PDM2, PET, TCM和
TEM2等7项; 特有属丰富度的气候模型包括9项; 































表2  种子植物属丰富度(GRN)、特有属丰富度(EGRN)和特有属比例(EGR)与各个环境因子的回归系数 
Table 2  Regression coefficient of genera richness (GRN), endemic genera richness (EGRN) and endemic genera ratio (EGR) of 
seed plants with each environmental factor 
属丰富度 GRN 特有属丰富度 EGRN 特有属比例 EGR 
自变量 












面积 AREA (－) 0.051*       0.008  0.005  
海拔幅度 REL (＋) 0.004 0.050* 0.067* 0.084* 0.106* 0.102* 
年均温 TEM (＋) 0.304* 0.304* 0.100* 0.192* 0.001 0.130* 
最冷月均温 TCM (＋) 0.377* 0.376* 0.189* 0.353* 0.010 0.220* 
年降雨量 PRE (＋) 0.389* 0.506* 0.148* 0.308* 0.001 0.144* 
最干月降雨量 PDM (＋) 0.210* 0.282* 0.108* 0.115* 0.005    0.006 
潜在蒸散 PET (＋) 0.342* 0.380* 0.075* 0.214* 0.002 0.126* 
实际蒸散 AET (＋) 0.465* 0.520* 0.198* 0.309* 0.008 0.116* 
+/– indicates positive/negative regression; AREA, Area of each region; REL, Range in elevation; TEM, Mean annual temperature; TCM, Mean tem-
perature of the coldest month; PRE, Annual precipitation; PDM, Precipitation of the driest month; PET, Potential evaportranspiration; AET, Actual 
evaportranspiration. * P＜0.05, Significant at 0.05 level based on Dutilleul’s method (1993). 
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表3  种子植物属丰富度(GRN)、特有属丰富度(EGRN)和特有属比例(EGR)的生境异质性、气候、空间和综合模型 
Table 3  Summary of heterogeneity, climate, spatial and integrative models for genera richness (GRN), endemic genera richness 





2 (%) AIC P 
属丰富度(GRN) 
生境异质性模型 Heterogeneity model AREA, REL, REL2  9.1 178 < 0.001 
气候模型 Climatic model PRE, PRE2, PDM, PDM2, PET, TCM, TEM2 57.4  52 < 0.001 
空间模型 Spatial model X, XY, Y2, X3, X2Y, XY2 46.6  96 < 0.001 
综合模型 Integrative model AREA, REL2, PRE, PRE2, PET, X, XY, XY2 66.7  35 < 0.001 
特有属丰富(EGRN) 
生境异质性模型 Heterogeneity model AREA, REL, REL2 11.9 430 < 0.001 
气候模型 Climatic model TEM, TEM2, TCM, PRE, PRE2, PDM, PDM2, PET, AET 60.1 305 < 0.001 
空间模型 Spatial model X, Y, XY, Y2, X3, X2Y, XY2, Y3 58.0 306 < 0.001 
综合模型 Integrative model AREA, REL2, PRE, PRE2, X, Y, Y2, X2Y, XY2 73.9 240 < 0.001 
特有属比例(EGR) 
生境异质性模型 Heterogeneity model AREA, REL, REL2 12.2 578 < 0.001 
气候模型 Climatic model TEM, TEM2, TCM, PET, PRE, PRE2 49.1 490 < 0.001 
空间模型 Spatial model X, Y, X2, XY, Y2, X2Y, XY2, Y3 53.5 471 < 0.001 
综合模型 Integrative model REL, REL2, TEM, TCM, PET, Y, X2, XY, X2Y, XY2, Y3 62.2 229 < 0.001 






Table 4  Spatial variance in genera richness (GRN), endemic genera richness (EGRN), and endemic genera ratio (EGR) of seed 
plants explained exclusively by heterogeneity (H), climatic factors (C) and spatial factors (S), as well as jointly by the interactions 
between these groups (HC, HS, CS and HCS) 
独立效应 
Pure components (%) 
交互效应 
Shared components (%) 因变量 
Response variables 
H C S HC HS CS HCS 
解释的总方差 
Total variance explained (%)
属丰富度 GRN 8.2 9.1 2.4 –6.3 1.2 36.9 –7.1 66.7 
特有属丰富度 EGRN 7.5 5.7 8.9  1.7 5.2 41.8  2.0 73.9 
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经纬度低(图2b, d, f)。 






























































































富民等, 2004)和分类级别(如种子植物特有种, Huang 
et al., 2011)。当然, 这需要进一步的直接检验。 
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